SUMMARY Mice with the beige mutation are known to be deficient for polymorphonuclear leucocyte (PMN) elastase and cathepsin G and can therefore be used as a model for protease dependence of tissue destruction in inflammatory conditions. The in vitro and in vivo effect of PMN activation on cartilage damage in C57black/6 normal and beige mice was measured. In vitro it was found that stimulation of normal PMNs with chemotactic peptide caused degradation of articular cartilage matrix owing to an elastase dependent mechanism; PMNs of beige mice did not induce degradation of cartilage. In vivo, using zymosan induced arthritis, which is a model characterised by a PMN-rich infiltrate and exudate, no significant differences were found between the two strains with respect to (a) joint oedema formation as measured by technetium-99m uptake; (b) matrix degradation as measured quantitatively and with histology; (c) chondrocyte proteoglycan synthesis as measured by radiosulphate uptake. At day 28 after induction of arthritis, when inflammation is waning, no differences in end stage irreversible damage to joint tissues were found. The relevance of these observations to the supposed role of PMN derived neutral proteases in joint inflammation is discussed.
CHEMICALS
Zymosan, cytochrome c, superoxide dismutase, Nformyl -methionyl -leucyl -phenylalanine (FMLP), Ellman's reagent, cytochalasin B, and phorbol myristate acetate (PMA) were obtained from Sigma Chemicals Co, USA. Methoxysuccinyl-alanyl-alanylprolyl-valyl-chloromethylketone (MAAPV-CMK), methoxysuccinyl-alanyl-alanyl-prolyl-valyl -aminomethylcoumarin, and succinyl-phenylalanyl-leucylthiobenzylester were obtained from Bachem, Bubendorf, Switzerland. ENZYME MEASUREMENTS Elastase was measured fluorimetrically using methoxysuccinyl-alanyl -alanyl-prolyl-valyl-aminomethylcoumarin as substrate. 12 In this assay 7-amino-4-methylcoumarin is released from the peptide and measured at 370 nm (excitation wavelength) and 460 nm wavelength (emission wavelength).
Cathepsin G was measured using succingl-phenylalanylleucyl-thiobenzylester as substrate.1 In this assay cathepsin G acts as an esterase that specifically cleaves off the benzylthiol which could then be detected colorimetrically in a coupled assay with Ellman's reagent. Enzyme measurements were performed on extracts of mouse peritoneal exudates, which were obtained by the injection of 0-5 ml paraffin oil. After 24 hours the cells (90-95% PMNs)
were collected from the peritoneal cavity, washed, and extracted in 0.5 M NaCl, 0-1 M trometamol (TRIS), 0.4% cetrimide, 0*1% Triton X-100 pH 8- Joint inflammation was induced in beige and normal mice in the right knee joint by the intra-articular injection of 180 ig of zymosan as previously described.16 Arthritis was measured by technetium99m (99mTc) uptake as described before.16 17 Briefly, the accumulation of 99'Tc is measured in the right (R) and left (L) control knee joint and expressed as a ratio (RJL). This ratio is taken as a measure of joint swelling. Ratios exceeding 1-1 were considered to indicate inflammation of the right knee.
HISTOLOGY
Mouse knee joints (six animals per group) were processed for histology as described before. Histology of zymosan induced arthritis was carried out on days 2, 7, and 28 after induction of arthritis. Arthritis was scored on serial sections (haematoxylin and eosin staining) using a combined score of exudate in the joint space and synovial infiltration. ' uptake for both mouse strains. No significant differences were noted at any time. At days 2, 7, and 28 animals were killed for histology. Inflammation was scored on serial sections using cellular exudate in the joint space, synovial infiltration, and depletion of cartilage matrix as seen on Saffranin 0 stained sections. No differences in histological parameters were seen. Beige mice showed a strong inflammatory response against zymosan (Figs 1, 2, and 3) Fig. 4 shows that in both beige and normal mice considerable degradation of cartilage proteoglycans occurred (about 40% at day 2). Although cartilage degradation in normal mice tended to be somewhat higher than in the beige mice, the difference was never statistically significant.
To study the effect of arthritis on chondrocyte metabolism we measured the in vitro [35S]sulphate incorporation in patellar cartilage at several time intervals after induction of arthritis. Both normal and beige mice showed about 50% inhibition of proteoglycan synthesis in cartilage from the arthritic knee joint compared with that from the left control joint. Again, no significant difference was noted between beige and normal mice (data not shown).
Discussion
In this study we investigated the possible contribution of PMN neutral proteases to cartilage damage during the acute phase of experimental arthritis. We therefore used the beige mutation of the C57black/6 mouse, which is reported to be deficient for PMN elastase and cathepsin G (3-7% of the normal mice). We confirmed the deficiency of beige mice, though the elastase and cathepsin G content was slightly higher (11 and 14% respectively) than reported by others. arthritis." In vitro it was shown that enzymes such as elastase4 and cathepsin G7 purified from human PMNs could degrade articular cartilage. On the other hand, it was argued that the large amount of protease inhibitors in body fluids would prevent these proteases from degrading the extracellular matrix. 10 It was shown that elastase can escape inactivation by a, proteinase inhibitor by oxidative inactivation of the inhibitor.' Recently we showed that activated PMNs in vitro can degrade articular cartilage even in the presence of physiological levels of a1 proteinase inhibitor owing to exclusion of the inhibitor from the matrix.6 Therefore elastase was considered likely to cause cartilage damage in vivo during active arthritis. This would then justify the search for elastase inhibitors that could be applied in rheumatic diseases. Recently, a number of synthetic low molecular weight elastase inhibitors have been reported, which may be useful in such diseases as lung emphysema, adult respiratory distress syndrome, and rheumatoid arthritis. 20 The results given in this report can There are a few other reports on the possible role of neutral proteases in animal models of inflammation using beige mice. It has been shown that in lung injury following systemic complement activation neutral proteases were of limited importance, as beige mice showed no differences from controls.23
Recently, it was suggested that collagen type II arthritis could not be transferred passively (with antibodies) to C57black/6 beige mice as opposed to C57black/6 normal mice.24 These experiments, however, do not provide us with a clue for the role of neutral proteases in cartilage destruction as injection of anticollagen type II antibodies into beige mice failed to elicit PMN infiltration and exudation in the joint.
In conclusion we suggest that in vitro experiments using purified cells or mediators should be inter- 
